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INTRODUCTION 

Two years  and s i x  months ago, a well-worn product ion l i n e  vacuum 

pumping c a r t  w a s  p resented  t o  Southern Methodist Universi ty  by 

Western E l e c t r i c ,  

Although t h e r e  w a s  an urgent  need f o r  a good vacuum system for  

t h e  i n i t i a t i o n  of t h i n  f i l m s  research ,  t h e  condi t ion  of t h e  com- 

ponents on t h e  c a r t  and t h e  smallness of t h e  d i f f u s i o n  pump caused 

sone d o u b t  a s  t o  whether t h i s  system ever could be recons t ruc ted  

for  u s e  in t h e  regtrlar evaporation of metals  a t  1 0  Torr i n  a 

vacuum chamber of  reasonably l a r g e  working volume. 

- 6  

This r e p o r t  descr ibes  t h e  gradual evolu t ion  of t h i s  vacuum c a r t  

i n t o  the  p re sen t  vacuum system i n  use i n  t h e  Thin Filrrls R.esearc:h 

Laboratory.  Improvements made s ince  t h i s  c a r t  was rece ived  have 

made it poss ib l e  t o  ob ta in  i n  20 hours an u l t ima te  vacuum of 

-? c2 .. ? 2-8 m- . . . .  . .-~ _ .  T- .? P-.?? <?rln!pz! ynu.l.fng ~ ~ ~ l - i ~ i ~ r n p  pleven inches L . .-. I u t ._ . l_L . _ * _  - ~ -. 

-8 i n  diameter and t h i r t e e n  inches high, a vacuum of 8 . 0  x 1 0  Torr  

has  been achieved i n  a 2-hour per iod.  

D e t a i l s  o f  t h e  o r i g i n a l  system and t h e  process  of modif icat ion 

a r e  g isen  i n  the  following sec t ions .  

- 1- 



THE O R I G I N A L  SYSTEM 

I 

On Mavch 2 1 ,  1963, work began on the  design and f a b r i c a t i o n  of 

a usable  labora tory  pumping system from a D i s t i l l a t i o n  Products,  

. This Inc * High Vacuum Pumping Unit ,  Model No. SE 38-0135 

u n i t  w a s  made i n  1953 or 1954 t o  evacuate magnetron tubes on a 

~ r o d u c t i o n - l i n e  b a s i s .  The u n i t  w a s  on c a s t e r s  and was p u l l e d  

thrgugh a bake oven by a conveyor so t h a t  t h e  tube would be 

h k e d  and pumped a t  t h e  same t ime(2) .  

u n i t  cons i s t ed  o f t  a D i s t i l l a t i o n  Products,  Inc . ,  MCF 60-08 

d i f f u s i o n  pump with i n t e g r a l  valving mechanisms; a Kinney C\*T 

3153 Compound Mechanical Vacuum Pump with moto r ;  a General E l e c -  

t r i c  Model 21SA2AM2 Freon  r e f r i g e r a t i o n  u n i t :  and a Phi l l ips -  type 

i o n i z a t i o n  gauge with (Tontr 01. 

(1) ** 

Indiv idua l  p a r t s  of t h e  

The d i f f u s i o n  pump i s  a nominal two-inch pump, with a capac i ty  

. 1  L -  -- c 7 - - - * < r - - 7 + : - m  of 6 0  l i t e rs  pe r  secui i i i .  iy is d ~ i i i ~ ~ ~ ~ - ~ ~ ~ g ~  i-=:._--.:l...LI1:- 
- .  

" d L  

pump with provis ions  f o r  water cool ing.  The i n t e g r a l  va lv ing  

mechanisrrl c o n s i s t s  of a .;.a?n-gate t al-:re. a fore-arm valve,  and 

a rough ing  val.v.e, These val-ves a r e  arv-anged w i . t h i n  a manifold 

that i s  a f f i x e d  t o  t he  top of t h e  purr~p. The va lves  a r e  a l l  of' 

t h e  e l e c t r i c a l l y  ac tua ted  solenoid type .  The pump b o i l e r  i s  

hea ted  with a 200-watt, 220-volt AC, pancake hea t ing  element 

t h a t  a t t a c h e s  under t h e  p.mp. 

*Now Consolidated Vacuum Corporation (CVC) 
**The L i s t  of References i s  on Page 23.  
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The mechanical vacuum pump o r  fore-pump i s  a two-cubic-feet-per- 

minute, two-stage r o t a r y  p i s t m  pump. A three-phase 1/4 H. P. 

220 VAC suppl ied t h e  o r i g i n a l  power f o r  t h i s  pump, bu t  it has 

been rep laced  by a s i n g l e  phase,  1 / 3  H.P. .I 1 1 5  VAC motor. I n i -  

t i a l  tear-down and inspec t ion  of t h i s  pump revea led  s l i g h t  scor-  

ing on t h e  p i s t o n  s l i d e s  and bear ings.  The pump was r e b u i l t  and 

r e sea l ed  and w i l l .  maintain a vacuum of 3 x Torr .  

The purpose of  t he  r e f r i g e r a t i o n  u n i t  i s  t o  c h i l l  a c y l i n d r i c a l  

sur face  loca ted  i n  t h e  t h r o a t  of t h e  d i f f u s i o n  pump, but  above 

t h e  ga t e  valve.  This co ld  surface he lps  prevent  back-streaming 

of pm.p f l u i d  vapors i n t o  t h e  vacuum chamber. The expansion valve 

has been ad jus ted  t o  maintain a temperature of -40 C. The opera- 

t i n g  f l u i d  is ‘Freon 1 2 ”  and t h e  compressor i s  r a t e d  a t  1 / 2  H.P,, 

1 1 5  VAC. A valve i s  provided t h a t  allows h o t ,  high p res su re  FTeon 

t o  flow through t h e  co ld  sur face  when a r a p i d  d e f r o s t i n g  cyc le  is 

....r!=!..r! ----__I_ 

0 

The vacuwn gauge i s  a s tandard P h i l l i p s  type of co ld  cathode ion i -  

z a t i m  gauge T h i s  gauge i s  o f t en  known a s  a “Penning” gauge. 

6 Vacuum i s  measured i n  four  ranges covering from 0 . 5  t o  1 x 10- 

T o r r .  Both t h e  gauge tube and the e l e c t r o n i c s  of t h i s  u n i t  r e -  

qu i r ed  ex tens iveTEpai r ,  and r e s u l t s  a r e  s t i l l  not  i d e a l  although 

t h e  gauge i s  usable .  

Addit ional  i t e m s  cons i s t ed  of the c a r t  and wheels, a con t ro l  pane l  

wi th  switches and r e l a y s ,  and var ious va lves  and bracke ts  assoc ia ted  

w i t h  t h e  system. 

- 3-  
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MODIFICATION OF THE SYSTEM 

A decis ion  was made t o  disassemble t h e  o r i g i n a l  vacuum system 

and then t o  bu i ld  up each of t he  four  bas i c  u n i t s  a s  i nd iv idua l  

components. These components would then be used as bu i ld ing  

blocks i n  t h e  design of a highly f l e x i b l e  system. 

the system c a p a b i l i t i e s  had t o  be obtained first,  however, before  

a dec i s ion  could be made as  t o  whether t h i s  build-up would be eco- 

nomically f e a s i b l e .  

Some i d e a  of  

A vacuum "run" was made on May 1 3 ,  1 9 6 3 ,  a f t e r  t he  o r i g i n a l  sys- 

tem was placed i n  opera t ion .  Repairs up t o  t h i s  da t e  had cons i s t ed  

of a tear-down inspec t ion  and a c leaning.  

both t h e  me::hanical pump (Welsh Duo-Seal Oi l )  and t h e  d i f f u s i o n  pump 

(CVC Convoil 20 ) .  The r e f r i g e r a t i o n  system requ i r ed  a new charge of 

Freon. E l e c t r i c a l  changes were made t h a t  allowed opera t ion  on 220 

New f l u i d  was placed i n  

:?A,- i i i ~ i  . -I <-p;iubc i'~Lii i'i'ii I -1.- . . . , .  , - , * - .z , : :+c f>.<= ~~~~~, -..-- -L?.-- - 
11'L L L " U L L V  "I La.- -  L-1- =i= = : i s v ; : :  LE " Z - L b  

Figure 1. 

p l a t e ,  and w i t h  an e ight - inch  b e l l  j a r  a s  a vacuum chamber. 

Gauging was performed by a borrowed CVC co ld  cathode i o n i z a t i o n  

gauge* with r e c e n t  c a l i b r a t i o n .  The r e s u l t s  of  t h i s  run and o f  

s i m i l a r  runs were enough t o  e s t a b l i s h  t h a t  t h e  system could meet 

t h e  r equ i r ed  s p e c i f i c a t i o n s  of 4 x l o m 6  Torr i n  two hours.  

T h i s  run  was performed with a ten- inch aluminum base 

*The gauge u n i t  w a s  generously loaned by M r .  Dale Roberts ,  F i e l d  
Engineer f o r  CVC . 
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The system w a s  again t o r n  down t o  f a c i l i t a t e  t h e  

of t h e  ind iv idua l  bu i ld ing  blocks. 

a separa te  base with a motor and a f a i l - s a f e  valve.  

c l o s e s  t h e  vacuum l i n e  i f  power i s  l o s t . )  

The fore-pump w a s  p laced on 

(This valve 

T h e r e f r i g e r a t i o n  system was placed on a base and was f i t t e d  with 

f l e x i b l e  l i n e s  t o  ca r ry  Freon t o  t h e  d i f f u s i o n  pump t h r o a t  a rea .  

The d i f f u s i o n  pump w a s  f i t t e d  with a f i f teen-inch-diameter  s t a i n -  

l e s s  s t e e l  basepla te  and was mounted i n  a s u i t a b l e  bench. This 

bench was made of s l o t t e d  s t e e l  angle and Formica-covered plywood. 

Formica-covered wood was used t o  cons t ruc t  a system c o n t r o l  pane l  

t h a t  included a l l  pumping con t ro l s ,  two gauge c i r c u i t s ,  and a cur- 

r e n t  supply f o r  r e s i s t i v e  hea t ing  of an evaporat ion source.  

A b e l l  j a r  of twelve-inch i n s i d e  diameter and f i f t e e n - i n c h  he igh t  

and a neoprene b e l l  j a r  s e a l  were obtained.  A b e l l  j a r  guard w a s  

. -  - -  ~ ~ ; i s  ~ r u c  ~~d i;i ~~panap .2  s i ~ &  ii:;:~:: a~:?! .=.ta-nless ~tc-1 S+rinc L . . ’ ?  

and a counter-weighted h o i s t  was e rec t ed  t o  l i f t  t h e  b e l l  j a r .  

(See Figure 2 . )  

Baseplate  feed-throughs were designed and cons t ruc ted  f o r  t h e  f o l -  

lowing purposes: high c u r r e n t  supply, P h i l l i p s  gauge, thermocouple 

gauge, t ransmission of r o t a r y  motion, vo l tage  measurement, and a i r  

admission, Drawings of these  feed-throughs a r e  shown i n  Figures  3 - 7 .  

All feed-throughs were designed i n  t h e  l abora to ry  f o r  t h i s  p a r t i c u l a r  

System. Feed-through ma te r i a l  was l i m i t e d  t o  s t a i n l e s s  s t e e l  and 

OFHC copper, with neoprene as  a s e a l i n g  agent.  

- 6 -  
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Fig .  2. Vacuum system, with con t ro l  pane l  and hoist. 
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The con t ro l  panel  and gauges are designed t o  c o n t r o l  t h e  e n t i r e  

pumping process .  P i l o t  l i g h t s  and power switches are provided 

f o r  main l i n e  power, t h e  d i f fus ion  pump, and t h e  mechanical pump. 

Ref r ige ra t ion  i s  con t ro l l ed  with a power switch and a d e f r o s t  

switch.  Di f fus ion  pump cool ing water i s  c o n t r o l l e d  with a needle 

valve.  Emergency over-heat c i r c u i t s  c o n s i s t  of a switchable  warn- 

i n g  b e l l  and an automatic d i f fus ion  pump b o i l e r  shut-down r e l a y .  

This c i r c u i t  i s  t r i gge red  if t h e  cool ing  c o i l  temperature exceeds 

90' C .  

a p i c t o r i a l  r ep resen ta t ion  of the  system drawn on t h e  pane l .  

e n t i r e  c o n t r o l  panel  i s  hinged on t h e  r i g h t  edge and may be opened 

f o r  access  t o  a l l  con t ro l  c i r c u i t s  and systems. 

Valve opera t ion  i s  performed by toggle  switches l o c a t e d  on 

The 

Vacuum gauging i s  done with two d i f f e r e n t  gauges. 

gauge c i r c u i t  was cons t ruc ted  using two CVC gauge tubes .  One tube 

i s  mounted on t h e  base p l a t e  t o  monitor system p res su re .  

tube i s  a f f i x e d  t o  t h e  d i f f u s i o n  pump fore-arm t o  measure vacuum 

produced by t h e  mechanical pump. Thermocouple gauges a r e  s e n s i t i v e  

from 1 t o  1 x Torr,  and a r e  used during t h e  rough pumping pro- 

c e s s .  The o r i g i n a l  P h i l l i p s  gauge was b u i l t  back t o  s p e c i f i c a t i o n  

and was mounted i n  t h e  con t ro l  panel.  A rough c a l i b r a t i o n  of t h i s  

gauge w a s  performed by comparing t h e  readings  of another gauge with 

those  of t h e  P h i l l i p s  gauge. The P h i l l i p s  gauge s t i l l  is used, bu t  

only f o r  a rough i n d i c a t i o n  o f  vacuum. 

A thermocouple 

The o the r  

-13- 
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The cu r ren t  source f o r  hea t ing  metals t o  be evaporated c o n s i s t s  of 

a ten-ampere Variac,  a meter, and a heavy duty 1-to-20 cu r ren t  

t ransformer.  This system i s  capable of  producing 1 2 0  amperes 

without over-heating. 

All  of t h e  above cons t ruc t ion ,  modif icat ion,  and add i t ion  w a s  com- 

p l e t e  by September of 1964. System c h a r a c t e r i s t i c s  a t  t h i s  time 

a l s o  a r e  shown i n  Figure 1. 

The system was used f o r  extensive m a t e r i a l  t e s t i n g  while t h e  above 

work was i n  progress .  The purpose of t h i s  t e s t i n g  was t o  determine 

t h e  s u i t a b i l i t y  of c e r t a i n  ma te r i a l s  f o r  use  i n  t h e  system and t o  

monitor t h e  progress  of t he  recons t ruc t ion .  The design and con- 

s t r u c t i o n  of f i x t u r e s  t o  be used t o r  bismuth f i l m  evaporai iuns 

a l s o  took p l ace  dur ing  t h i s  time. 

Two new add i t ions  were made t o  the system i n  l a t e  1964. S t a i n l e s s  

s t e e l  b e l l  j a r  guide rods w e r e  added t o  p l ace  t h e  jar  accu ra t e ly  

on t h e  basepla te .  An  i n f r a r e d  bake-out system was assembled f o r  

a i d i n g  pumping speed a f t e r  t h e  system i s  open t o  a i r  f o r  a con- 

s i d e r  ab le  t ime. 

I n  December of 1964,  it was determined t h a t  bismuth could be evap- 

o r a t e d  i n  t h i s  system i n  t h e  low Torr range. This was estab-  

l i s h e d  by extensive t e s t i n g  with t h e  evaporat ion of bismuth onto 

g l a s s  s l i d e s  while monitoring cu r ren t ,  p re s su re ,  and f i l m  r e s i s t a n c e .  

Up t o  t h i s  t ime, t h e r e  was considerable  doubt a s  t o  whether such a 
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l a r g e  vacuum chamber could be pumped adequately with a two-inch 

d i f f u s i o n  pump. These t e s t s  es tab l i shed  l i m i t e d  capabi1.i t-y . 

A dec is ion  was made i n  January of 1965 t o  optimize t h e  pumping 

system by t h r e e  methods: (1) t h e  replacement of a l l  neoprene 

s e a l s  with Viton "A" 0-Rings; (2) t h e  replacement of t h e  d i f f u s i o n  

pump f l u i d  with Dow-Corning DC-705 S i l i c o n e  F lu id ;  and (3) t h e  in- 

s t a l l a t i o n  of a l iquid-ni t rogen-cooled shroud i n  t h e  chamber. 

t h i s  t i m e  a l s o ,  funds were received t h a t  allowed t h e  purchase of  

an e f f e c t i v e  gauging system, a Varian Hot Filament Bayard-Alpert- 

Type Ion iza t ion  Gauge and Control.  (This gauge accura te ly  measures 

p re s su re  t o  1 x 1 0  Torr . )  

At 

-10 

The new s e a l s  w e r e  i n s t a l l e d  because Viton "A" e x h i b i t s  v i r t u a l l y  

no outgass ing  a t  p re s su res  i n  the Torr reg ion .  DC-705 f l u i d  

was chosen because of i t s  low vapor pressure  i n  the 1 0  Torr 

reg ion .  Another advantage of DC-705 i s  t h a t  it w i l l  n o t  de t e r io -  

r a t e  r a p i d l y  (as  most d i f f u s i o n  pump f l u i d s  do) i f  acc iden ta l ly  

exposed t o  atmospheric p re s su res  (always a p o s s i b i l i t y  i n  a vacuum 

system). 

-8  

The l iqu id -n i t rogen  shroud was constructed because of t h e  success  

of the "cold-trapping" method(3) i n  markedly reducing p res su re .  

It  was f e l t  t h a t  t h e  shroud should lower evaporat ion p res su res  a t  

l e a s t  one decade. The shroud took t h e  form of an eleven-inch (in- 

s i d e  diameter) c o i l  of 1/4-inch OD copper tubing.  F i f t y  c o i l s  

I- :I. 5 - 
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made a cy l inder  1 2 . 5  inches t a l l  and used 150 f e e t  of tubing.  

support  w a s  provided with t h r e e  s t a i n l e s s  s t e e l  l e g s  ground t o  a 

k n i f e  p o i n t  a t  t h e  support ing edge. 

w e r e  cons t ruc ted  of t h i n  w a l l ,  s t a i n l e s s  s t e e l  tube with t h e  cop- 

per  l i n e  pass ing  down t h e  middle. 

throughs and t h e  knife-edge supports were designed t o  minimize 

hea t  t r a n s f e r  from t h e  base p l a t e .  

wooden form (see Figure 9) i n  a l a t h e .  S i l v e r  so lde r  w a s  used t o  

connect ad jacent  c o i l s  while they were s t i l l  on t h e  form. The 

fo rm was then disassembled and removed. 

Co i l  

Liquid-nitrogen feed-throughs 

(See Figure 8.) Both t h e  feed- 

The c o i l  was wound on a unique 

Note t h a t  no l i qu id -n i t rogen  connections a r e  made i n s i d e  t h e  vacuum 

chamber. 

c o i l ,  and all connections a r e  made ou t s ide  t h e  b e l l  j a r .  (See 

Figure 1 0 . )  Liquid n i t rogen  i s  suppl ied from a 1 1 0 - l i t e r  self-  

p re s su r i zed  dewar. An i n s u l a t e d  l i n e  c a r r i e s  l i q u i d  t o  the  bot- 

tom of t h e  c o i l ;  an e x i t  l i n e  i s  vented t o  a i r .  Nitrogen flow i s  

regu la t ed  t o  provide a very s l i g h t  t r i c k l e  of l i q u i d  a t  t h e  e x i t  

ven t .  Figure 1 a l s o  shows t h e  system c a p a b i l i t i e s  with t h e  shroud 

i n  opera t ion .  

The l i q u i d  n i t rogen  feed-throughs a r e  removed with t h e  

Two methods have been devised f o r  shroud opera t ion .  If f a s t  pmp- 

down i s  des i r ed ,  then t h e  n i t rogen  i s  turned on when t h e  d i f f u s i o n  

pump i s  switched t o  "open". I f  lowest system pressure  i s  des i r ed ,  

t hen  t h e  n i t rogen  i s  allowed t o  flow only a f t e r  t h e  lowest  pos- 

s i b l e  p re s su re  obta inable  by the  d i f f u s i o n  pump has  been reached. 



Fig. 8. View looking towaxd the baseplate from ins ide  the top of  the 
l i q u i d  nitrogen shroud. 
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F i g .  9 .  C o i l  form for f a b r i c a t i o n  of  the l i q u i d  n i t rogen  shroud. 
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An u l t ima te  pressure  ( i n  an empty b e l l  jar) of 2.8 x Torr 

has been reached with an overnight pump-down followed by t h r e e  

hours of l iqu id-n i t rogen  pumping. 

These l a s t  f i g u r e s  r ep resen t  the present  c a p a b i l i t y  of t h e  vacuum 

system i n  the Ti1i11 F i l m  Lab0ratol.y. It i s  f e l t  t h a t  t h i s  i s  t h e  

b e s t  vacuum obta inable  and any f u r t h e r  a t tempts  t o  improve vacuum 

i n  t h i s  system would not  be economically worthwhile. Expenditures 

t o  da t e  a r e  given on Page 22 and a r e  approximately 12oA below t h e  

o r i g i n a l  es t imate .  (The ion iza t ion  gauge was not  i n  t h i s  e s t i -  

mate .) 

It  i s  somewhat amazing t h a t  t h i s  system w i l l  do so  wel l  a s  it does 

s i n c e  i t  i s  composed of components t h a t  a r e  w e l l  over t e n  years  

o ld  and have seen considerable  usage. Figure 11 shows t h e  system 

a s  it i s  used c u r r e n t l y ,  with the  gauging and f i l m  r e s i s t a n c e  con- 

t r o l  r ack  a t  t he  l e f t .  Evaporations beginning a t  4 x 10 Torr - 7  

a r e  now rou t ine .  
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Fig. 11. Complete system. Rack t o  the r i g h t  contains the  ion iza t ion  
gauge control  u n i t  and f i l m  r e s i s t ance  monitoring system. 
Liquid nitrogen supply f o r  the shroud i s  i n  the r e a r  t o  the  
r i g h t  of the rack. 

- 21- 



MAJOR EXPENDITURES 

Diffusion Pump Repair and Build Up 

Mechanical Pump Repair and Build Up 

Ref r ige ra t ion  Repair and Build Up 

Table Mater ia l  

S t a i n l e s s  S t e e l  Base P la t e  

Pyrex Bell  J a r  

Thermocouple Gauge P a r t s  

Vapian T n n i  xat ion Gauge 

$ 51-00 

10.00 

55.00 

64.00 

125.00 

60.00 

40.00 

625.00 
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